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Abstract of JP1 1 1 1 6267 

PROBLEM TO BE SOLVED: To obtain a glass material having high strength, high shock resistance, a 
high modulus of specific elasticity, high heat resistance and high surface smoothness. SOLUTION: The 
glass has >=36x 10<6> Nm/kg modulus of specific elasticity G, <=9 &angst surface roughness Ra and 
>700 deg.C transition temp, or >=1 10 GPa Young's modulus. <=9 &angst surface roughness Ra and 
>700 deg.C transition temp. It may have a compsn. contg., by mol, 25-52% Si02 , 5-35% AI2 03 , 15- 
45% MgO, 0-17% Y2 03 0-25% Ti02 , 0-8% Zr02 . 1-30% CaO (5%<=Y2 03 +Ti02 +Zr02 + 
CaO<=30%) and 0-5% B2 03 +P2 05 as glass forming oxides. The glass is useful as glass for the 
substrate of a magnetic disk. 
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[P^i^S] J±?i14J?GA<36x106Nni/kgjy.J:-eSsy. « 
mm (Ra) ^ 9 A JUT t ^ -5 C i: A^T' # . fi^^^SS A< 

7 0o''c<fcy^i,^»«ffl**7;^. 1 OGP 

aJa±-Cfcy. *Sfi*(Ra)*9 AJ^^Ti:■rsc:tA<T• 
^, e^^;gSA<7 oo°cj;yst^»«ffl**^:^o C<];i 

Si02: 25-52%, AI2O3: 5-35%. MgO: 15-45%, Y2 
O3: 0-17%. TiOa: 0-25%. ZrOa: 0-8 %. CaO: 1-30 
%. {IL. Y203+Ti02+Zr02+Ca0: 5-30%. B2O3+P2O5: 0 

-5 °/oX'&^mm^m-ri>o «^T-i'x^7(DS«ffl^^ 




[|*3jc^ 1 3 Jt?i14^G3t)<36x lOeNm/kg^aiT^fc-SC 
t 4: t* i>S«ffl ^ o 

Cii«« 2 3 asffl 5f (Ra) * 9 A isiT t -r S C i: A<-e 

[Ii*a33 lE5^,'i;aS[A<7 0 0"Cj:yiBl^It«Sl 

xi*2iria®<D*f^;^o 

T«7fLT. Si02: 25-52%. A1203- 5-35%. MgO: 15- 
45%. Y2O3: 0-17%. 1\02'- 0-25%. ZrOz: 0-8%. Ga 
0: 1-30 %. {IL. Y2O3 + Ti02 + Zr02 + CaO: 5-30 
%. B2O3+P2O5: 0-5%T*fcS^fl/5E$-*L. 7b^ott5itt^ 
3b<36 X 1 06 N m/kgJ^i-e -5 C t ^ ifSfit t -r * 

[1S*«5 3 AS2O3 + Sb203: 0-3%. RlSZnO + SrO 
+ NiO + CoO + FeO + CuO + Cr203 + Fe203 + B2O3 + P 
2O5 + V2O5: 0-5 %$'$e>(C'&*"rSlf*3l4fc|B«E(D 

■eS^LT. Si02: 25-50 %. AI2O3: 10-37%. MgO: 5 
-40 o^. Ti02: ^-25o^V&^mfS.^^ it?*tt¥35<36 

X 1 06 N m/kgm± -e & ^ d t ^ <t -r s *r ^ X o 

[isms 7 3 Y2O3: 0-17%. Zr02: 0-8 %. CaO: 0-2 
5 %. AS2O3 + Sb203: 0-3%. Sl/ZnO + SrO + NiO + 
CoO + FeO + CuO + Fe203 + Cr203 + B2O3 + P2O5 + V2 

05: 0-5 i^\z^i^m^^eizmm(DiS'7:^o 

T**^Lr. Si02: 25-50 %. AI203- 20-40%. CaO: 8 

-30 %. Y2O3: 2-i5%x*fc€>*i^^«L. it^iimtm 

X 1 06 N m/kgJsl±-e * S C i: 4: f *f ^ X o 
[|»*a93 MgO: 0-20 %. Ti02: 0-25%. Li20: 0- 
12%. AS2O3 + Sb203: 0-3%. RXSZnO + SrO + NiO + 
CoO + FeO + CuO + Fe203 + Cr203 + B2O3 + P2O5 + V2 
O5: 0-5 %$$&lC'&t;Ifi*S8fC|Bma)*-^Xo 

[IS«S1 03 -VV^^^A^I 1 OGP a)sJl±T*fcSIS 
3cIi1-9(Dl^■r^^;&^ 1 S(cI5Ka):tf ^Xo 
[il3jcSi 1 3 '^><fmii<^ 1 OGP aiiJl±-efc^c 

t *i$ai:-rss«ffl*}^Xo 

[IS*S1 23 ^Siffl$(Ra)*9AmTi-rSCi:A< 
# Sil3}^S 11 fcIB«CO:tf ^ Xo 

1 ix!*i2iziBaa)*r^Xo 

[IS«S1 43 *^X^t«ii£-r*^^M^D<t LT^;U%« 
^T?. Si02: 3 0-6 0%. AI2O3 : 0-35%. MgO : 0 
-4 0%. Li20 : 0-20%. Y2O3 : 0-2 7%. La 
2O3 : 0- 2 7 %. Ce02 : 0- 2 7 %. Pr203 : 0- 2 7 
%. Nd203 : 0- 2 7 %. Sm203 : 0- 2 7 %. EU2O3 : 0- 

2 7 %. Gd203 : 0 - 2 7 %. Tb203 : 0- 2 7 %. Dy 
2O3 : 0- 2 7 %. H02O3 : 0- 2 7 %. Er203 : 0 - 2 7 
%. Tm203 : 0- 2 7 Yb203 : 0- 2 7 %. il L. Y2O 



i^g^^ 1 1 -1 1 6 2 6 7 




3 + La203 + Ce02 + Pr203 + Nd203 + Sm203 + EU2O3 
+ Gd203 + Tb203 + Dy203 + H02O3 + Er203 + Tm203 + 
Yb203 : 1 —2 7%. Li20 + MgO + Y2O3 + La203 + Ce 

02 + Pr203 + Nd203 + Sm203 + EU2O3 + Gd203 + Tb20 

3 + Dy203 + H02O3 + Er203 + Tm203 + Yb203> 2 5 % 
T*fc§M^^*L. i}^'Z>'^ly</mt<^ 1 OGPaJa±T* 

fc S c t ^ ^ IS <t 4 ^ X o 

[It*«1 53 Ti02:0-2O%. Zr02:O-8%. 
fiL. Ti02 + Zr02 : 0-2 0%. CaO : 0- 1 5%. Zn 
0:0-1 5%. NiO : 0- 1 5%. Fe203 : 0-1 5%. (1 
L. CaO + ZnO+ NiO+ Fe203 : 0- 1 5%^$?>(C#t; 
W*S14(Cl5«CD*'^^Xo 

1 6 3 AS2O3 + Sb203 : O - 2 %. B2O3+P2O5 
4-Nb205 + V205+Cr203+ 63203 + CoO + SrO + BaO+Sr 
0 + FeO+CuO+MnO + Na20 + K2O : 0-8%^ *e>lc^ 
tit *3S 1 4*fc(*15|cfBtE(D:tf ^Xo 

1 7 3 lt5i14mG3!)<36x l06Nm/kg)slJiT*fc«) 

if *3ii 4 '-lecDi^-r+t*^ 1 «(ciBtta)**^Xo 

[ifiScSl 8 3 Ti. V. Cr. Mn. Fe. Co. Ni. Cu. Z 
n. Ga. Ge. Y. Zr. Nb. Mo. La. Ce. Pr. Nd. Pm. Sm. 
Eu. Gd. Tb. Dy. Ho. Er. Tm. Yb. Hf. la&UM^^tj: 

-3 0^;u%^t?ci:^t#at-rS1S«lBSMEi*ffli)^ 

Xo 

Ca^^Sl 93 •V>^**3!)^9 OGP a jai-Cfe-Sit^R 
3ai8|Btt(D:tf^Xo 

[ii*]S2 03 m%^^:^^(D&mmis=y7.xs>?>m 
[»«3S2 1 3 if3^3S2 olcl^tE(D*•^xA^e>^^:sa 

[00013 ^mmt. aa-T^x^?. 3t^-fx<7^a> 
mnmmmi^mmm.'p^xmt l c d t Lxm^^^^i& 

$^-r*tfffilSfi^«i*ffla«^f^»il<i:**^XlzPf 
[0 00 2] 




Ra^2 0:t->yx hn— AJSlTI--r-5C t»*-e#^d:t^o 
■r-SCi:t5i<^*^F*i-Cl.^-5o LA^Ls T;US-'t7A 

[0 0 0 3] ^c-e. isssits ;«Hiii±> mmmmi^.. m 
s^s£Lfci^s<b**^;^ais. jBLifmn6^\~r)i'± <) ^ 

■&, ^Jxli, •lb^5S^b:tf^xStttt LT. *#M¥l-2 
3 9 03 6^^ffl OaT5fe?Taffi1 tU^a) SS 
%T?Si02^ 6 0~7 0%. AI2O3 so. 5~14%, R2 

0 (fcf=LRI*T;U*'J^M) $1 0~3 2%. ZnO S 

1 ~ 1 5%. B203S 1 . 1 -1 4%#t;**^XSl':*-> 

SMIL'S c t ic J: y ^<b Ltzm%ai^mt^m :^»« 

[000 4] fgB^H^b**^Xi: LT. i^gB¥7-1 877 

1 (^^iT5fe^Ttt^e2i:l^5) ic, a«%-e, si 

02$ 5 O ~ 6 5 CaO $1 8 ~ 2 5 Na20$ 6 1 

1%, K2O S6~1 2%. AI2O3 $^0~2. 5%, FS 

5.391.522^ii« (JUT5feffli«3 i:L^5) Icl*. Si02 
$6 5~8 3%, Li20$8~1 3%, K2O S0~7%, 
MgO $0. 5~5. 5%, ZnO $0^5%. PbO $0~ 
5%, ({BL. MgO +ZnO +PbO $0. 5~5%) , P2 
05$1~4%, AI2O3 $0-7%. AS2O3 +Sb203 $0 
~ 2%#«9-, iS^B^i: LT|iSitffl'&Li20 -28102 ^^^^ 

$ # t^ffiSaT^ -f :^ i^rs^bffl ^ A^&B* * t ^ 

5o ^tT^b^U^'^XStRt LT, 1tM¥8-1 69 7 

2 4#^« (J^jlTffe^fl^tS4^:L^^) i=. s»%r-. si 

O2+AI2O3 $3 5~5 5%, B203$O— 1 0%, CaO + 
BaO $40 — 60%, tztc LCaO ^ 5 %, ZnO +SrO + 
MgO $0~1 0%. Ti02$O~5%. Zr02$O~5%, 
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AS2O3 fcJ:i;/^frl*Sb203 $ O ~ 1 %$#Wr'5iffljS 

(oaaf^ X -9 ffl X SIR A<gBn^ ^ ;h.r t ^ -S o 

[000 5] 

D (Hard disk driver) I*. V3 >(D«14ffi'(blcS>KE 

/ < V 3 :x(D/J^a^b t g14^<b(r^i*j& L-CT.<x<7S«fl) 

'hSIb, mmit. ata'^^-v K<D«5?±^bJitj:-x-rx^(D 
Ie]iE(DlSi$<bA<tgs*HTl,N^o 1f*(Oi£S2.5 -< 
(Dt^-I-X^;*®©!!*!*, :KS(D0.631 mm*^^>0.43ln 
m, $C>lctt0.381nin ^tjl|< ^^SC^:J!^<^«**l•CL^ 
-So ^fc, «JfiT-l*-y— ffl3.5'ri/5^/N— KT^-f X 
<7|B$l<7>iSSS<b. ir—^i&m(Dm=&itlz^-oX&m^ 

mH'ii4)gJ-*f-r 4Si**<-HfiS L < o r # T *s y , 

[0006] ■x-i'X-?a«tt-^<'te*tiiJS:-l) 

ffiS'lblc#oT, ffiS'^-y KOfij^i^b&t/fflaiSa-T-fX 
^;a5iSiSlHHS<b3!i<Jtt;— ^-efty, ±iafl>* 3 ^cUSO) 

t=t)*^A^Sy(*. ^m^-f X^<D®li(D)lHt^f-5o i: 
/\— K7^-fX^7 |cfi!ffl$4xT 1^^**7 X 

y(=j:i.BgsA<s«<bL. »s<bic?*jc-c#nfi^. ^-r 

X^7»«7!)<<f<DSS<r)fc^:)^-V>Sy^i:'5*Mi, 
fpffi-C^-S, 3IS<bLfc«^t?t.l6ffi«)fc*5^-V'Sy $ 

14, -V:^^^*<J:y;i!L^«^*^!£^St^f'S. 

[00 0 7] CCDZtl*, J^Ojc^^CVSII-tt^S^^M 
■r-5Ci:A<-e#-5o fiP*)«)fi, HDD(;)/hS-(b. 

^b. ii;iHbic#oT, ^f*<7))i»ie^j«i*ffl»«io»<?*- 

14, Stt3.5-O^<D0. BnmA^feO.eSSiiin'vt, 2.5'0^ 
(DO. 635nmA^ t>0. 43nni $ ^> (cO. 38nim^ tM<Uht'f-m 
$Tl^-5o »«<7)[eiei$fit.3SatDgBjtS(072 
OOrpm*^ t>10000rpm$ c> l-14000rpni'>- 1 ^jSIalKlb-^ 4 
t'^m^HXl'^ho c:(D<J:3'5:?iaffi®J«t*:fflS«l45l 

< ^f;h.i4 -s 1$ t\ »«i<Dfc:h<^^f> a y -v^s y i: 

fEAl (I51^(CJ:o-C^t:SmEElC»-:3<T'H-X':7(cfi!)< 
[0 0 0 8] 

[iCi] 
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hda* da' a' 



h^E h^E h^G 



l-*a*5■5^ll*l^lfelr*-:5<®IIi:L-CJ:L^o ®ffif*R« 

[00 10] 
[S3] 



SlcJc-g^Z. S'f >7£|K<OJ1^$0. eSSmnub^^O. 43inm 
$iStt<O7200rpm*^ &M*©10000rpmlcJifiHb-r*tl* . 7 

cky^L^v>^/*^^■r•5^lrL^^»«*^*4A<!^>^i: 

[00 11] ^fc, SIBSffiS<to>fc«), hb»14^-V>-V 



K^i^W'SiMT-. »fi±lc)f$j5;Lfca'ttH$<fey^t^ 

i£5?±<b *-l+*Ci:l::J:y SlSfiiffiffilb * * . 

^(DfcH)^ Stm^^-'V Ka>fi5?±'(bA<^F P>lcjlttC> 

;h-5o llS'^-y K<Dej?±^b^^«Blc-r-l>fc«)lcl*. 5^ 

-< ;^ ^ as<D^ c t f3<^m t Jtc -s ^ 

[0 0 1 2] LA^L'SA<t>. 5fe^Tttffi1 (C|B^$*l,TL^ 
^1b!^^<b**5XI*. **77.fe^^A<5 o o°CBil^-efe 

ofctoici*, soccfcy. * c>lc^t^SJS•^a)S!ft«iS 

A<*SftT*fe-5o «toT, 5feiTftffil (c|5«<D^b^3t^b*• 

i¥^<b**^xi*. — flftic**^;^<©Sffil~T;u* 'J^JS-f 
:j-:^<D'f:*->SE84)f *aitf==fca>-ea&«, tci?>A^ <b 
^3t^b:tf^:^<Da®lcmitll^JKJ«L. fia«iS$lffi-r 

St-t?fe^o ±saib!^3i^b**7;^i*, it?il±*A<i^30xio 
6Nni/kgasT?* y . -^xfmitm a o g p a 

■5, *y=. •(b^^^b**7x»«i*. ^Wimmizftf>mti< 

PfiK^ttTL^-S**. C<D(C^])iA<l^)— A'^ol^^roj^^^ 

i:S;i$Is]e<bl::S*FE-r ^ c i liil L L^, 
[0 0 13] 5fe^Tft^l5 2^f>3lCgg*$^^■C^,^-5c^:^^e^£ 

-So Kmfa»iiXft:<7)iiiSJtf5fl^^bo)fcto(ci»« 

K(D«i?±<bA<j65>S^:7!>^f>-efc-5o LA^-SIC, 

*l^F (Ra) ^ 1 Oi^f-^-yx hP-AJUT(D»*5^^#*C 
i:l*aM-ejc.-5o t(Dm^. aH(D¥fiftA<SL<, fiat 

mv'-i-T.'j'OTasji^^tA^m'ib-r'S. m%^y\^<D 

*'5X$fflLNfc*tSr-l*. IHldiSlJiai^CDaS^ThOi?— 
<D*JffliA<Slfe fc 4 i: 3 Pp^S t fc -S . 

[0 0 14] 5fefi^fete4lclB®a)»T)U*'J*f^;^l*. 
Sli-C?7 3 0°Ci:;i!L^tK^;g)S^*■r'54.<D•T?fc•S„ L 
*^L. **'7X<Dlt5Wt*l*27~34x106Nni/kgSJgT-fc 

y. -vx/^^ti? o~9 0GPaSfi-efc-5a>7?, usi 



(5) 




[0 0 1 51 fSi. WgftttA<ffi4xfc»«<!: LTIi. M^li 
^gg3p3_2 7 3 5 2 5-^^^ OUTft^fStBS ^:L^ 
■5) lcBI*^F*lT^^•5<fc5^caS!B^^«t*:ffla)*-;H> 

[0 0 16] ccDckdl::. m^Otzi^ ]^l^Jt?¥14* 

a C> *t T I ^ ^ S i 02-A 1 203-MgO^ *f ^ X -C? t -V I* . 
^±t^■lfl^8 0-9 OG p amStrfc-So tStoT. ^SgB-B 
# h> Ii36 X 1 06Nm/kg]^JL± CD lt5*tt^ G * * L . * 1*11 
OGpa j.U±0 A' > -Jf^ ^ t O *f ^ T^^ncomm ^S6^t 

AI203. Y203. Mgo. Ti02. ^±m^mmt^tj:if 

lc3SA-r S C t IC J: oT^^-eiCJ&t^lSl^-V ><f t 

[0 0 17] Hi*>. :$imMit. n^(Dmmumm»m& 
w-m^^mtzrmztj::h^=y7s^ni:mm^^zL t ^ a m 

[0 0 18] 

C»5jt3Sl ] ]t3*14^GA^36xl06Nm/kgJ^±r'fc«)C 
[If ^112] S®ffl$(Ra)^ 9;j->yx KP-AiaT 

r*S7i^Lr. Si02: 25-52%. AI2O3: 5-359^. MgO: 15- 
45%. Y2O3: 0-17%. Ti02: 0-25%. Zr02: 0-8%. Ca 
0: 1-30 %. (IL. Y203+Ti02+Zr02+Ca0: 5-30%. B2O3 
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+P2O5: 0-5 %T*$)^Sfii$*WL. /)^oM:5*t±^;b<36xl 

[if«S5] As203+Sb203* 0-3%. &i;ZnO+Sr(KNiO+C 
o0+Fe(HCu0+Fe203+ Cr203+B203+P205+V205: 0-5 %*^F 

•^a^LT. Si02: 25-50%. AI2O3: 10-37%. MgO: 5- 
40 %. Ti02: l-25%-C:&^MliE^ * L. J±?itt^;5)<36 
X 1 06 N m/kglU±T* fe ^ t -r **7 Xo 
[if*^7] Y2O3: 0-17%. Zr02: 0-8 %. CaO: 0-25 
%. As203+Sb203 : 0-3%. ai/ZnO+SrOH^iO+CoO+FeO+C 
uO+ Fe203+Cr203+B203+P205+V205: 0-5 %$'*&fc#t? 

-C?«5^Lr. Si02 : 25-50%. AI2O3: 20-40%. CaO: 8- 
30 %. Y2O3: 2-^5o^X&^mfS,^^L. J±?itt^7b<36 
X 106n mZ-kgl^JLil^fc* C i: 4*f^Xo 
[i»5R3S9] MgO: 0-20 %. Ti02: 0-25%. Li20: 0-1 
2%. As203+Sb203 : 0-3%. al/ZnO+SrQ^-NiO+CoO+FeO+C 
uO+ Fe203+Cr203+B203+P205+V205: 0-5 %^$e)fw^tr 
If*3S8lclBtt(D*^^Xo 

[iS«3S 1 0] 1 1 0 G p a mJi-efc«»iS 

3RS1-9<Dl^-r*^3&^ 1 3S(C5BK<D**^Xo 
[«*«1 1] -^>y^AM 1 0GPai5jl±T*feSC 
i:^ttfifcit^4»«ffl*f^Xo 

[aSt^l 2] Silffl3F(Ra)*9 A]SlTi:-r*Ct;&< 
T**SIf*3I1 ll:ilB«CD:tf^Xo 

[ff^si 3] e^,-;5;^j£A<7oo"Ccfcyst^it«3S 

1 1X1*1 2lc|5KcD:tf^Xo 

[|S*3ai4] *-^x$«j«'rSil<b!|«5i:LT^;u%« 

Si02 : 3 0-6 0%. AI2O3 : 0-35%. MgO : 0 
-4 0%. Li20 : 0-2 0%. Y2O3 : 0-2 7%. La 
2O3 : 0- 2 7 %. Ce02 : 0- 2 7 %. Pr203 : 0- 2 7 
%. Nd203 : 0- 2 7 %. Sin203 : 0- 2 7 %. EU2O3 : 0- 

2 7 %. Gd203 : 0- 2 7 %. Tb203 : 0 - 2 7 %. Dy 
2O3 : 0- 2 7 %. H02O3 : 0- 2 7 %. Er203 : 0- 2 7 
%. Tm203 : 0- 2 7%. Yb203 : 0- 2 7%. ii L. Y2O3 
+La203+ CeO2+Pr203+Nd203+Sm203+Eu203+Gd2O3+Tb2O3+D 
y203+Ho203+Er203+Tm203+Yb203 : 1 -2 7%. Li20+Mg0 
+Y203+La203+ Ce02+Pr203+Nd203+Sm203+Eu203+Gd203+Tb 
203+Dy203+Ho203+Er203+Tm203+Yb203> 2 5%-e&SSfi 
J?E**L. ;&>o-V>^/^^*<l 1 OGP aJU±t?&«>Ci: 

$^fiit-r«)**^Xo 

[ii^JSl 5] Ti02:0-2O%. Zr02 : 0-8%. {1 
L. Ti02+Zr02 : 0- 2 0%. CaO : 0- 1 5%. ZnO : 0 
- 1 5%. NiO : 0- 1 5%. Fe203 : 0-1 5%. {IL. C 
aO+ZnO+NiO+Fe203 : 0- 1 5%. t> Ic-^fcif *?i1 
4[CfBm(D*r^Xo 

[If 1 6] As203+Sb203 : O - 2%. B2O3+P2O5+N 
b205+V205+Cr203+Ga203+Co0+Sr0+Ba0+Sr0+Fe0+Cu0H- 




MnO+Na20+K20 : 0-8%$^F "blC^tlt^JSl 4^fcl*1 

[tS*« 1 7] Jt?*14^GA<36x 106Nm/kgW±-Cfc* 
4~ 1 6(7) L ^■r^^7!)M S l-15K<D X o 

[1**311 8] Ti. V. Cr. Mn. Fe. Co. Ni. Cu, Zn. 
Ga. 6e. Y. Zr, Nb, Mo. La. Ce, Pr. Nd. Pm. Sm. E 
u. Gd. Tb, Dy. Ho. Er. Tm. Yb. Hf. Ta&tPllf*^?) 

X. 

E»*:®19] A'>^fS*<9 0GPaJa±t?fei.i»* 
[0 0 19] 

±# triKfa^b 7 X Af> ** ^ X -fe ^ s «v ^7 ;^ t Bfi* +1, S 4i 

[0 0 2 0] if^ig 1 ~ 3 lz|Bm<P:tf5X 
:*:fiesa>lt*^l IcfBKcD**^::^!*. tk?»14*GA<36x 
1 06Nin/kg m± -C -S C t $ ^m. fth ** ^ ;^ fc 
-&<, it9l1±^G}!i<36xl06Nni/kg5|^j|S-ei«SlS^ Lt=«^ 

T -f (cg*$4xi))l^F0. 43nimXli^-*tKlT<»atEi: 

IC. a:^fc*D^A<1.25juni JaT<D»tE^I#i.fcto. Jt5i 
14^G*^37x106Nm/kgJa±a)^^;«.A<»* Lt^, 
jSM<b*<it^. ff*j!»<0.381inm XI*-t*tfelTCD»«i: L 
fcii-a-Ct, ft:*;fct)«^^1.4 A/m JaTlcffl;^f>*ti)« 
« A<» f> *t -S t L ^ -5 a^A^ t> . Jt?»1±* A<42 x 1 06Nin/kg 

(+*Ltfitt^Sff*Ll^35<. SIfflWIztt. *?)45xl06Niii/kg 

[002 1] »*«2lClB«a)*'5XI*. Jt5f14*Gj!)< 
36x 106Nm/kgfel±T***C t IciHJ^LT. asffl* (Ra) ^ 

Ibrofc to<D'^ -y K<DffiJ?-h1b7!)<Hri6 1 U . aSffi $ (R 

J:yi5J?±<bA<BI«6i:'5fSo CBE^t^ •< X ^ ^ * (-1^^ 
S^b-r-Slcli. Sfflffl^F (Ra)^6^><fX hP— AJUT 

i:■r■5ctA<-e#**•^x■efc^c:iA<j^^*Lt^„ »* 

a 3 Xl*. lt5l14^G A<36 X 106Nin/kgJil±T-fc-l> 
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Ct. Xl^/XliSiBiffl* (Ra)^ 9;i->-5^X hP— AJa 

Ttf ^cticanjtr. te^^SJS*^? oo°cj:yigi> 
*f7XT?fci)o ss^^;Sjgj!i<7 oo'c^yst^^fc. 

fc^:>i^(Dl£^<b(rijn^lT. «e*(D»«<J:yS5t«S?ft14$ 

3!)<|Sj± L -r X ^ S w i: 7b<-e # 

[0 0 2 2] ~3iciE®a>i|ttt**-r***^x 

(D^WmtK^X. Itj}?«4~9(C|e«<D**7X$^lf^ 

ct7!)<-e^-5o c*it>a)**^xri. if i ~ 3 iziaK 

3!)<^< . A^o*•^X«i£lcj3l+S3EaSKA<St^Ba'f ^ 

> c, 'ic -S K^b!^ ^ X $ ffl I ^fc«J$ i: o T * o 

[0 0 2 3] ii^ia 4 :rix s iciBmg):^ ^ x 
Ii«^4i-ISK<D**^XMJSI*. ilcjt3itt^^:*:#< 

■r-&fctf)(-«i^*+ifciiafifcT?* y . it3*i4SG*<36x io 

6Nm/kg Ja±-C -5 o tfcSl'tt m G A<36 x 1 06Nm/kg Jil± fc 

;:>:1SftcD«a»tB^J«t*:7^'f x^7icS*$*i-SI?$ 
0.43ninXI*^*T,WT<Dll«i:Lfci:#lc-et, S:*:f=t? 
i^*<1.4 //m J:y'h$t''»t5^lf«.C<!:A<T-^^o ^-0) 

fT5ci:4<-etr-5, *e>(c. S*fct3^A<1.25*<m KIT 
(©S«$#-St=«). lk5i«^GA<37xl06Nin/kgJaJi"Cfe 
SC^:A<^^*Lt^o »S<bA<jl^. J?$A<0.381ni 

e>. Jt9lft^)!i<42x106Nni/kgJa±-efc-5**^XA<$ felz 
HfflWIcIi. $?j45x106Nm/kgeiTT-fe«.o 

[0 0 2 4] is*«4at;5iciaa<o^f7x 

I*. a®ffl$(Ra)^9:i|->yx hP— AiaTfT'SClt 

A<r-#-5>o <fcyigL^«5¥,=*1±icj;y. mSiT^-rx-^ro 
iSSBS<ba>fcto<D'^«y K(7)«5¥±^b*<Rl«Bt'Ej:y. 
ffl$(Ra)* 9>t->^^X hP— AUlTt-T'SCt-e, «t3|E 
<Dt(DJ:y«5?±<bA<nrffii:>tc-5, fiasm-x-r X^7 ^ $ t, 
(ciaiSJt^b-r-5(cl*. SHffl* (Ra)^6 7|-l^yx hP- 
AWTt-r-S^ItA^if^LU^ »*«4&t;5<D 

#^xi*. e^^;ajSA<7 o otj: ym^^^x■e^E> 

■So $ES^^;SJSA<7 0 0''CJ;y^L^c:i:T•. tzt>^<r>*S. 

m^uzmfLx. ?£*(D»«j:yist>Hf?fti4^*-r^*« 
asT^ X ^7 sset-r s c t # « , 

[0 0 2 5] Si02l***^X(7)ifflB^5t}KjSK1b!^<t: LT 
«#. *'7X«Ji<D^S^bin*.*:SlC*^-r?)!iSfa<b^S 
It^iit-JS^j-T-fc^o ^fcSi02(*Al203 ti.d(D^^m\t 
!Kli:*iia^^*5lS-'5Ctl=J:-3T**^xa)^JS. HdttS 

ift-SCirA^-C^. **^X<7)itgftt±$fS|±$-a-^Ci:t-e 
#-5o LA-'L. ^'^XWififc^t LT5 2%,fcy^<a) 
Si02*»ALfcK<b«!l*'^XI4. 36x106 Nm/kg 




SiS^bT? * ■& IS if <»SS 'Jf ^ it *v )S I ^ o c T- . 
Si02<CTlSI*2 5%T?fe^o -^^C-e, Si02CD#^SI*> 
25~52%(DffiH. Jf^L<l*3 0~5 0%<D®fflT- 

[0 0 2 6] A1203 [■ti3=7 7.\~'mmm'^fmmiK'\^'km 

^*|CAI203 eSi02tS^LT^^;^l=3IA-rSJS^. Al 
2O3 (4*'7X(D-i'^&lcAyai*f'tf&»$J3E/i£^i: LT**^ 

AI2O3 tt^'^xaj-v^-y^^iato-Sfctoi^tWflfttt^iRi 
±$-y:Sfc4t>l==b*6^-ti-<fl/^B6iJ'"^fc^o LA-^U, AI2O 

|r|6i±$-|+5.Ci:*<-l?^'Sl^o ^fc, AI2O3 <©#*SA< 
3 5<J6^aK.-S)i:. *r7X<DJt?i14^<7>lRl±l::»-^-r-5 

^xrosjujtstttts^b-r-s, -ecT-. AI203 co^*« 

Ii5~3 5%(7)®H, Jf*L<l±7~3 2%(D®ffl-C*ib 
[00 2 7] MgO li^'^^XODBiltt&t^^iS^lSji^-y:. 

fc, **7X(D^rB<b3eS14ro[6i±-v>**^xt^att(05St« 

ictS-^-r-So *#ICAI203 <7)#^gA<2 0%J:y'>'Eft^ 

*^A-r•l>Ci:A<J^T^Ll,^o LA^L, MgO CD-^*«A<4 
5%^Sg^i)i:, »^^bT-#-l>ISi:'<DSgS<bSS1t$^ 

-oii^Tst^ikifiui^o MgO <D#wa* 1 5%* y 

MgO (»#*a{*1 5~4 5%<DlEffl. » 
^U<l*2 2~4 0%(D®ffllC-r-5CtA<jS^t?fc5o 

[00 2 8] Y203li:*f^:^a)liSS^b«S14*Sto. 

-So !^lC'>»(DY203<7)^AI***7Xtb?*14^<D|p]±&t; 
*r7>^l^K14a)3jSl-l^^lc^-^-ri.o L*>L, ¥203* 
y ic t ^ < Sin-r .5 1 xo-V X^'^ # < «f 

^$<gT$-t+-5Ml6]*<ab-i.o Y203a)#^»(*1 

4. jSi, Y203<DM&/)^'5:^»iSI!lS«4#-5fc«)l::l*. Y2O3 
(D$=&»^0. 5%)i^±^:■ri)wi:A<jI^*Ll^. 
[0 0 2 9] Ti02l***5X#*&ff$EEl$«-<!: LTt^^fiHiJS 

«iga)*^<bat;^-a)W^».it*ii-r. *f=, Ti02i* 

MgO Af>Al203 £^ < ^A-T-S^T^Xl::** L 
-CI*. Ti02l4#^X<D^;£5§jS14&t;iKmb3eS1±*|S] 
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mm 



±$-a-, MgO ^:Al203^^^:<OK^b!^i:ro^a«^ot)1±l::J: 
o T xa)tb?^14^ ^^«) ^ c i: A<:*:t^lc^^#t? # 
<iL. Ti02*^<«ALia^«t» **vX<D»fflM 

[R)3!)<^*y, j!)^;s.oT**5x<DigrB<b«sitsi;-t<oi^ 

Ktt^m^b^-l+^MlRlA^fc^c -£-CT% Ti02a)#« 
li, 2 5%mT. »^ L<l*20%WTi:-r^Ci:A<jS 

a-efc-s. iss. Ti02a)?Be>*^^&^^n^!lS*^#*fctolc 

(i. Ti02a)$^S;^ 1 %jy.±i:-r'5C<t*<»*LL^o 
[0 0 3 0] CaO l*MgO i:*lc:tf^X(D0i|14S.l/3SSS 
lpJJi$-l±, iaj£j§<81±^&#-r-5fctolc«A**tSJ«» 
T'fcSo CaO l*v MgO tmmz^ **^X<DiBa<b 

(0*51-. AI2O3 co^W«*<2 0%J;y{p•^^i:c^«■g•. ** 

^x<o;«it?*tt**jNil#-r«»f=toic^<a)Mgo *«A-r 

fg^B^bSSi4^3cS-rSfc«)(c»A5F*t-SfiE» 
t^C-So L7!)^L, CaO <7)^*»A<3 0%$^x.i) tSiS 
<b-C # flOea^bSSIt* t o^f? x*<jt*t3S:L>o 
•tCT?. CaO <3!)**«I43 0%WT, »*L<I*2 7% 

CaO <D#*S* 2%J^^±i:•r^- 
i:*<»*Ll^o 

[0031] Zr02l*£J=^^X<Dii»i^ttSi;Si|t4^^to 

Ji^l***^XiKl^tt*lRl±*-a:^>^SA<fcy. **^X<0 
*Sl-*t-r-5ilSffl<bSeS1t*,lR)±-rS. LA^L, Zr02A< 
8%*fix-5i:**^xa)^;ajS<B'tt*<WL<S'(bLs ii 

r-, zr02a)^^ai*8%iiiT, »*L<(*6%mT<t-r 

•Sc:i:;!i<il^-e&-&. 1^, Zr02OI^^A''^%j!n)^£$# 
Zr02<D#Wa*O. 5%W±frSCtA< 

[0 0 3 2] Y203+Ti02+Zr02+Ca0li 1 ~30%a)®H 

:y y^ro |S] ±s t;$S^a<b^^14(Difii± ic^-^-r J5E»-c 

fc-S, ;i*vf><7>^^(D^t1-A<1 **7X(D-V 
>'Jf¥A<i£<?Jf-5(Slfi]A<&y. *^o**^X<»S!aS-(bS^ 

ttt.«T-r'&«ifii*<*'5o ::*Le>a)i*5^i4, L^■r 
*Lt,**^x«)i±a^ii»a$i±i>t.<Dr'fcy, ^aic^A 

C-e, Y203+Ti02+Zr02+Ca0(D#*ai*. 1 ~30%<Offi 
ffl. »*L<I*5.5 ~27%roSSB-efci>Ci:A^jS^T-fc 

o 

[0 0 3 3] P205&Lf:B203lit^-ri^t^*^:^<Dli;a^§« 
SCDP2O5X l*B203 * ^ X lc« A-r « t ^ 0) tb 5i14 
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P,, 5 %)ilT, »^L<I*3. 5%JilT-efc-5Ci:*<iS 

[00 3 4] AS2O3 tSb203 (*A*5X<DtSM-(b^EI-l.t= 

attttl=lSi:Tiififia>As203 \;>Sb203 s!^t^l*As203 + 
Sb203 $^f7XlcaS3!in-r-&i:<i:yi^«'tf**7X!{»<^#t>;K 

SI ffl a^fe S o 1$ t SJC L r -5 o (SIC j» -i? ^-^ X. S<« 

lB^>A^^i:^^^D3as^^»«>fctol-|*. ^-o^^m^o. 2 

%ja± t -r S ^ t Ll^o 
[0 0 3 5] $t>l-. V2O5, CrzOs . ZnO , SrO , NiO 
, CoO . Fe203 , CuO H^CDtifeC^fiE^lif'-mt.*'^ 

+L*fiE«-l?S.-5. •Pij^tf, '>fia)V205. Cr203 , CuO . 

l^ftlS$S«)SWI-ff3 c: tA<T-#*. ZnO+SrOi-NiO+CoO+ 
FeO+CuO+Fe203+ Cr203+B203+P205+V205ro-&fHi^ iS^ 

T T? -5 C t ^ T- fc . 

[0 0 3 6] «±a>fi)t^^<offiicis^^*(D^!B!ti. m^it 

Fe203 <fi:JiU:**^:^a);ff,^^J<t^f^CK F. SO3 mit 

6<It■r«.!^14^sls^fl*)l=ti^E5ctl*^^l^„ (ss, zois 

[0 0 3 7] mnt^6:SiZS7{Z^Wi<Dii'yX 

36x 106Nin/kgJil±-e*'&o Jt?itt¥GA<36x 106Nm/kgia 

SI»*0.43tnmXI*-?-*vJaT<Da«i: Lfct^JCT't, S 

^SLT^f 3Ci:7!)<r'#-5o *?>(:i. S:A:fc:b«^A<1. 25 
ium KlT<D»«$»-5fcto. tk?*tt*GA<37 x l06Nm/kg 

*<0.38lDim Xld:^;tt»ilT<^»tii: Lfcli^-et. m:Ktz 

e> , tfc5ittSA<42 X 1 06Nin/kgW±T' ^ ^ X 



L^A<, SlfflWIcli, $<j45x106Nin/kgWTT- 35.^0 
[0 0 3 8] it^«6au:7lClBm(D:^*^X 
I*. «Sifi*(Ra)*9;*->^/'X hP— AfelTfr-SCt 

ffl$(Ra)$ Qitvyx ho— A)ilTi:-ri>CtT', it* 
<D=t<7)J:y«j¥±<b3!)<BrgBi:ni:«o «Sl-T-fX^$$& 
IciSSS^b-r-SCil*. aSffl3F(Ra)$6;i->'^X h□- 
A^UTt■r■Sc:i:A<j!^^LL^ ii*3S6&0:7(D 
**^X(*. e^^;S«A<7 O O'CJ: yigL^**^X-Cfe 
•5. e^^aS*<7 OO'C^ygL^CtT?. fct>^0)ilS, 

SE^bicAn^r. ^£*a)»«J;y;gi^iHllft'tt$'*-r^»« 

fflSa^^ -r X ^7 ^ ffi^-r * C i: A<T- # o 
[0 0 3 9] Si02(*^^X<DSiS«!iH^J«iHbiat LT 

flii^, :>37XtiJt(D^S<bEn*.^Jll-*f-r'5SSB^<b3eS 

ttsii-rj*^i-r:fe-5o *fcsi02i*, AI203 uifo'pmm. 

T-^-5o LA^L, :tf^X(DiJ«$J-i:LT5 0%$a^-S 
»<7)Si02^#t;:tf^xi=l*, ^7X(DiiHfl5S'l4-V>««3i 
Sfl!)lSl±(c$-^-r-5fiE«-eife'&Al203 £^<3?A-r-sc 
i:/)<T•#^i:l^, ^CIT-, <t y :*:#^i:lt?*1t*^*-r 

CtA<ji^tffc-S. Si02<7)#:&aA<2 5%*3li: 

JSSt. ^f'^xcDlSS^b^^ttA^ffl^S^bL, ai^<b-C 

^■5l^^:a)^^^^**^xA<5t^^^^t^o ^ct?, si02a>T 

Kl±2 5%t-r-5::t*^iS^-^fc-5o Si02<D^«fil*2 
5~50%<D|oH» »*L<l*3 0~4 9%(D|SSHT?fc 

[0 0 4 0] AI2O3 ii**^xicHWflfttfi:KW^^14$^ 
J^-r-Sfig^turt,. Si02i:#tl-**7X«ia(D$^<bS 

#ICAI203 $Si02i:«j^lU-C**5Xlc^A-r^^^> Al 
2O3 lti3 3:x(D^mzX^)S^^^^1^sS.f&^tLX:h'^ 

x(D•\'>■5^^■v>i^fSft14^li:^-r^^!)«A<x^t^. ip*,, 

AI2O3 \tii=7 7.<D-^:y<f^^ntbi>tzif)lz=tmm^^t^ 
±^F■ti■-5t=^f)lct^A^-y:^CL^fi^»T-3&i). LA^L, 

:K(om{f^m.'(>mmm^t:-mm:k^it^tzisb{zHigo <d 

2 5%WTi:-r«)li^. AI2O3 O 
%<}: y iS^'Ec < -r -5 1 **^X<OA'>^^^*+iJ-IC|fil±^F-tt- 
f>tL^. RlfMO)hb5»tt*$^it.4^^cl^„ AI2O3 # 

3 7 Jg^ -5 <!: XCOSjajSHfetiA^M^b L . 
l^M'Ji:**^XA<jtH^i:t>Ji(c*f5X<©J^S<bSS14t,i£ 

T-r-s. -tcit?, AI203 fl)^*fia>±Ki43 7%frs 

z.tt<mm-nih^„ AI2O3 (7)#^a:rii 0-37%©© 

H, »*L<I*1 1 ~3 5%<D®ffltt" tA<jSSl? 
[o o 4 1 3 MgO tt**^x<DB(tt&u:^ft$lRj±$-a-, 




ictif-^-r-i.. ^{ziS=y:x.<D-^>^ma>fSi±\zx^ <m 
-60 LA^L. MgO <D#*aA<4 0%*e^.5<k, :tf^X 

a)ii»«si4t^)g*Stf)*f=«)i=^fi<cAi203 ^SA-r 
-53SafiE!K!ir-i±«ig ^bT* # -5 (5 if <D j^ra^b^^tt t o 

^XA^jt^l'JfL^ MgO <D#WSA<5%*j^TM*. 

JS*t>5:t^ fitoT. MgO <D#*»(* 5 ~ 4 O %</)effl 

[0 0 4 2] Ti02l***^X#1#}^fiE^^J't LTt,<geiifiE 
L. «^(D^^^bat/-?-<Dit^».14*ii-r^^j-T-fe-i)o * 

LT(*, Ti02l***7X(Dia;gj§^14Si;sSra<b$^14^ 
Ir1±$-B-. AI2O3 i:<DMi^^*?1±(=.<feor**^X(D]t?» 

mmi}< 2 5 % ^ i: ^5 X (D^j-fflMlSl A^Si * y . 
X -3 r 5 X(D^S<b^SitJit;^ Wi$)H't4 ^M^b $-1* 
•5MlRlA<&-5. 1 %KJl±(7)Ti02<DaSi)Pl-J:y. 

7X©SajS<B1t*<:fc#<«#**t^, ^--C. Ti02© 
1~25%<7)^B, »^L<I*2~2 0%(7> 
IK ffl t -r ^ C t A< J§ S o 
[0 0 4 3] Y203li**7X(D-\'>^fS$[Rl±*-a-. 

T?fc€>, i^lc#7X0)ffllf^g-V>ita5Stt^ii5i&Sfc» 
|c^<<7)Al203 ^^'^Xlc^A-rSli^lcId:, AI2O3 <n 
Shmmt Lt:<DY2030)^mA<®*tTl^«o fi»J^«2 5% 
Kl±<DAl203 $:tf^XI::«At-4a-&. Y203**lin-rS 
Ci:-Cl$ia'Jc**^X^f*S{-r-l)CtA<T*#'5, {BL. Y2 

03iiJt^fi<jicgffi<fa)-^. ^J!in»i*'>MT'fcS:^A<3X 

h<OMi*^P>l*ff*LL>. iaSfi<DY203(Dai)nl4, 
**^XJt?i1t^<DlSj±IZ*#<S4--r*A<. Y203(O^* 

rjtm<7)tiJD*<B#y. **7x<Dtb3*l±^a)isi±(-^.4-L 

^-C-C. Y203(O#*SI*, AI2O3 (OSASC: 

ici:to~ 1 7%a)®H, »*l< i*i ~ i 5%(oI6b 

[00 4 4] CaO liMgO <S:^tlc*-^X<Offl14Jii;3tS$ 

:b*^X<DJ^B^HlbSStt(D[S!±^:tf^XtSjS14a)3St» 
(-*,SJ5--r'i). *'^XOT^>y*<D|pj±lc:*:$^<^-^-r 
■SfiE^j-i: Lrfl)Al203 < #A$;|xfc^^. **^Xli 
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^^S^lc-r-StrfelctCaO <D^iDl*»* Lt^o CaO <7) 
#«A<2 5%^S;iSi:, **7X(D»®aS1±i:^JS^ 
Si -& f= 1:: $5a>A 1 2O3 $9 A L tcl§fi£1^-e 1^ SjS^b 
T?f?€.l5i:ro!iSB^<bSStt**,o:tf7XA<jt*tAj:iNo 
ZV^ CaO 0)-^*»(7)±Rgl*2 5%r*&-5Ci:A<®^-e 

(Si, CaOO)|g^>A^/d:as^In^S$^§•5yi^^)lcl*, 
(D^'&e* 2 %Ei± 1 -5 t L L V 

[0 0 4 5] Zr02l*±l-^^X<Dit^^.'tt&O:Ki|1±$'^ft 

ii^i***7XWSIft14$iaj±$i±^SftmA<&y, *'5Xfl> 
^si=s*-r-5«sa^b*Si±tifij±-r^o la^l. zr02a) 

# W»A< 8%^m^i>tiS'y XCD^SJgJSItA^S L < S 

^bL. *f^x<D«ffi¥jttt=fc^<^i:y. Jts^.ii*p-r 

i,^ -e^T'. Zr02<D^«l*8%felT. »*L<f*6% 
JJlTfr-&CtA<S^-U35S. fSS. Zr02<DIBe)A^J£^^n 
Zr02<O^*fi*O. BWfelifT 

[0 0 4 6] AS2O3 i:Sb203 li^'^^XCDl^K-fb^EI-Sfc 

3tettlcJ^C.-C)i»S<7)As203 •'f'Sb203 I)tt^l*As203 +Sb 

203$**^xtc^j!in-r -5 1 <b y tarn's *r^xA<#f)tt 

-So LA^L, c+Lt.fljij&^J<DaiiraaA<^-r^St. 
X<DikmA<±^LTltpi14¥*eT*-fr*1ffl|fi|A<fcy . 

* jt^ffl s ^ -5 o t sf& L T ^ o tsic -sr y — ^ 4. 

L<l*2%mT<!:-r-SCtA<3ia-e&*. iSi. C*tP)Bl 

^aSlJ<o?B?>A^^i:3^ans&m$^sf=ftlcl*. -t-ro^*** 
o. 2%K^±^:■r■5c^:A<j^*Lt^o 

[00 4 7] P2O5. V2O5, B2O3, Cr203 . ZnO , SrO , 
NiO . CoO , Fe203 . CuO ^•?-<01tea>fiE»l*l^r*tt,# 

m-r^z.ti><v^i>o m^ii. '>»(dp205^**^xic« 

A-r-Si: *r^X0tt5lttSA<^# < ^it L^Cl^OlcJt 
L. iJ^X<OiSStt1tA<AN35:yffi<35:«.<©-e^^xro5g 
«*§al:l•r-S3S!lmA<:^^t^. d?fi(OV205. Cr20 

3 , CuO , CoO ^f<t'a)«fe^j^**7xic^iD-r-5ii^, 
*f7xic#^^i!a]|x!^i4^m=-a-s mm^iyzfm^iz^ 

SrO+N i 0+Co0+Fe0+Cu0+Fe203+ Cr203+B203+P205+V205</) 
^f+l*. :tf^X(DS;:aj§«t4a)a#i:*'^XCD«<)£M • 
f»M!^'tt<DlSStL^-5a^ANt.. 5 %JUTT-&SC<tA< 

[0 0 4 8] Jii±<Di5E^^<DtelCll^4tt3<©^M!|^. m^it 
Fe203 'Sfi'&l^^'^xaJjta^Jt^f-SCI. F . SO3 ^1* 

-tti-f'tii %*-e'jce)^^LTt. :$:f§ifl<D**^x<oa 
Wt■r-51«^14$llaM^=«&oc:i:t*^EL^o Li20 
**^X(D?tJS*fii»-5fci6lC'f:t 
>^^lcJ:i.1b!^5S<b«lS^iT?C<i:A<pIt6r'feS. - 
Ij. Li20^#^L3tCt^^r7U* 'J**^X(D«^lctt, C 
<7):tf^XA^e>JS:€>»«±l=«JI$}|^^Lfc«^, 



(10) ^f^^ 1 1 -1 1 6 2 6 7 



[0 0 4 9] 8 at; 9 lClBi£<D ^'5 :^ 

36 X 106Nin/kgJil±-Cfc-5o Jt?»ti*G A<36 x 106Nm/kgJU 
^jp$0.43nim3Z.li^-+i)JlT(73StEi: Lfct^lc-et. S 

/im JaTro»«^#-Sfctf), tfc?*ttSG3!»<37x106Nni/kg 

A<0.381nim Xtt-tttUiTOttSt Lfclf-g-eti, 
t>^*1.4 /im ja.TI-ffl^^tLi)S«A<We>ttSi:L''9 
m^t}^ h> . J±?f 'lt^AM2 X 106Nin/kgl5i±-C? fc^ AA< 

t>*<. llfflMfcli. Sfe5i45x106Nni/kgJilTT?fcS, 
[0 0 5 0] $P>(C. i»*:l8S0:9lc|5K<D**5;?. 
I*, aSffl$(Ra)^95l->-^X hD— AUlTir-r^Ci: 

ffi$(Ra)S9/*->-9"X ha— AWTt-rS-fC'. tJfe* 
l-igSK<b-r-Sl::li, asffl* (Ra) ^ 6 7|->yx h □- 

AJ^AT^:•r■l>c^:*<»*Lt^. *fc. it*«8&i;9ro 

■So te^jt;aJS*^7 0 0°Cj:y«L^Ci:T*. fc49^^<»<S 
^<blclia:S.T, ^£SE<DS«<fcy^L^Wf!ftti^Wr•5S1K 

[005 1] ^\Q2[tij=77.<Dmmm^^mk\cWit LT 
**7Xl«jt(0^^1bi|l*>*Slc?*-r-5ISS<b^S 
14*li-r^5J-CfcSo *fcAl203 JtCifOtfW^'IbiBsi:* 

LJ!l^L. LA^L, **5Xa)±fiE»tLT5 0%$e^* 
SiOa^^ALfcCaO -AI2O3 -Si02SK'(b!|a^^XI*, 
36x106 Nm/kg ^ffi^Stb5*tt^$'t5<S: A/t'^^'Jft^O) 
T?. Si02<O^*fil*5 0%JaT-CfcSCt*<iiS-efc 
S. —-fS. Si02©^*a*<2 5%mT(::^CSliB. 

x<7)s^Bl^b^S14A<ffl ^S^b L . »S^b-t? ^ -s (5 i: ro^ 

^3jf**5XA<jt4x^fU^ 'tZ.-Q^ Si02CDTKIi2 5%T' 
fc-So -t^-e, Si02<D^^«l4. 2 5~5 0%a>®H, 
»^ L < I* 3 O - 5 O %<DSSH-e fc -S C i: A<® a 

[00 5 2] AI203 [iii'vT.K^mmnt.-^mi^^^m 

-5 turtle Si02i:^tlc^f^X«jS<O*^'fba 



!^I-Al203 ^Si02i:«ll4LT**7Xlc«A-r-S)^&, Al 
2O3 li^^XO-ttSirAya^^'t^J^fiE^iJ'tLTif^ 

AI2O3 li^'^xco-VX^'^^iato'i.fctodtiWSft'tt^ifi] 
±$■ti■€.fc«)lct^A^■t^•^cL^fiE^^•■efes. la^l. AI20 

3 a)^:&a*<2 0%J:y{I>'SL^i:*f^X(D-V>^^S*+ 
^J-(c[S]±$-B-^;ii:7!)^T'^'tClV ^fc. AI2O3 <D#^S 
A<4 0%$®^-5<!:, **5X<7)liI;gjti5414t.M^bL. t£j 
S^f**^X*<jt*T.)5:Lv±lc**^X(DSS1b^StttteT 
f*. -t^T?. AI2O3 (D^*ai*2 0~4 0%<©teffl, 

jif^L<i4 2 1 ~3 7%a>ieffl-efcsctA<ia^T?fc 

'So 

[0 0 5 3] CaO l***7X<DHilttJit/^ffi^[S|±*-y:. 

iSSj^fBtt^ata-rsnfeiJ-cfe-So •joift^'^xosss^b 

$S1±roifi!±-V>**^XJ^S14<7)3t«l^tlf-^-r-5= i^lc 
**5X(rA'Vy^<Dlfi]±l-*^<=^-^t-'5JlK»i: LT<7) 
AI2O3 A<^<«A*^fc«^, **7X«jt(0S^<b*|p| 

A< 8 %5fcjSr-l*. **7X<7)SiS^B<b$SttA<^ L < IST-r 
^(DlwS^L. 3 0%^^x-5<!:*'^X<D-\'>^''^tifi< 

H. »*u<iii o~27%a)ffifflt-rsci:A<a^-e 

[0 0 5 4] Y203l***7X(D-V>y^*|Sl±*-ti-. iSS 

■ib^^itssto, ii»i^.i*&r;sja5si!i!i±*a!is-r^fci() 
(c^i)Q$*i^jiK5j-efes= !^i=**^x<7)-v>'^^^igtf) 

-S)fctoiC^<<7)Al203 ^**5X(C#A-r-51i^l=l*, Al 
2O3 <D«j*8»Jt LrY203i*WJa-e*S. filJx.li2 5%I*l 
±<DAl203 *^5Xlc»A-r^«^. Y203$BjJ««iJtL 
rSSiP-r-SCt-c?, li)K'Ef:tf5XA<f^g!-e^^o LA^ 
Y203l*J±^W(Cii5fiffi3S(D-C. Y203<»#*»l*. 

*tts*f'5xa)fel4icisi:r 1 5%*-po>a-e. it«e*i 

'S<ia^'l>i:**^X<7>B;S?§M1ttli^bL, hb?f14*t 
iSTUrU^-Pc -^-CT', Y203(7)#*a<DTKI*2%T- 
ife-5c:tA<3S^-eife<5o Y203«)#«ai*, 2-1 5%<7) 
»*L<I*3~1 2%<DtfiHT?**Ci:A<®^"e 

[0 0 5 5] MgO li, *r^X(7)Pil|14&U:3ifi^|6)±$ 

■a-. iSSjSfB14*«#-r*3S!i«A<fcy, #^xa>SS^b 
3e^'t4©lSl±-V'**^XJS)M14(D5!tSI-tlf-^L, Jt?itt 

-r-SCtA^-C^So LA^L. MgO a)#*aA<2 0%$^S 
xSt. jg^^O^^J'-Cfe-SCaO *^<attl-rSCtA<-C 
^<C<'Efys **7X<D!eS^b^St±t<ST-r^flrS]A<iE> 
-So -eCT'. MgO <D#*fi<75±KI*2 0%i:-r'5Ci:A< 
JSii. MgOfl)B^iiA^^f^iHl?a^$^»'5fc»l= 
14, •€-fl)$^a*5%JU±fri»Ci:A<ff*LL^. 




[0 0 5 6] J\02ttii^X9t^mfS.m-ii-tLXt^^m 

tz. Ti02li^5J't LT**7X(c3IA-r-5t, iS=7X(Dlt 

#<|fil±1?#'&o Lt^L. CaO -AI2O3 -Si02^K^b!^ 
^f7:^l=*fL-CI4. **yict^<(DTi02*3SA-rS 

T*. #*a(*2 5%iaT. »*L<(*2 0%JUT<i:-rS 
CtA^a^-Cfc-So iSi. Ti02a>S(i»*|#Si:L^5a^A^ 

So 

[0 0 5 7] Li20l*±l~**7X(Di«;Sil41*^TIf TiSM 
'>fi(©Li20^3JA-r*i-li**^X<DlSS<blc|^^lc*fi 

So -tC-C^ Li20(r)$*fili1 5%JaT. »*L<tt1 

2%JilT<t:-ri)C<tA<ji^T?fc-i)o fSi. Li20<7)B^ CjAn/j: 

SCi:7b<»*Ll>o 

[0 0 5 8] AS2O3 i:Sb203 l***^X<Z)i9H<b$EISfc 

;S*414(ctE:i:T3Sa»<7)As203 •^Sb203 ieu^ld:As203 + 
Sb203 ^ X ic^Sa-r S i: J: y i9S c>;tx 

<Sffl S # -5 o IS i: SIC L T -5 o ISic -Sf ^ — V ^-^ ^ SM 

[0 0 5 9] P2O5, V2O5. B2O3. Cr203 , ZnO , SrO . 
NiO , CoO . Fe203 , CuO 9? ■€■<0'ftea)Ja^^•l*t^•r*l=tl^ 

^^^m^v&^o m?nt. '>aa)P205***'5xic^A 

r S t *'^xa)lfc?|l14^tt*# < IE<b L^d:L^<DlcJ^ L, 
xoD;satttt*<6^'Ej: y ffi < JSsajT? **7 xa>5§fs* 

^^lc-r'i)^)!lSA<:*:*t^ '>fi(DV205s Cr203 . 

CuO . CoO tj:i:a)m^m^ii'7xizmm-r^t. **7X 

SgroJnSftffiS^JaSMIcff^CtA^TJ^-So ZnO+SrO+Ni 
0+CoO+FeO+CuO+Fe203+ Cr203+B203+P205+V205<D^t1- 

<DftelcJl^Gj(f3<7):Fi^!^, ^J^rtFe203 <f i:SLU:**^X(7) 
jf/^BiJttf-SCU F , SO3 %*t?'fet># 
^Lrt, ^fiescD^'^xojiMfrsiaii^SIKMic 



1 1 -1 1 6 2 6 7 




[0 0 6 0] 11-13 |ciBm(D:tf^X 

*fl^(Dlf^^1 1 (ClBtt(D**^Xl*, -V^y^A'l 1 

0 G P a El±-Cfc-5 C t *1#«i:-ri>»«ffl**^XT7fc 
S. •V^^''^*^ 1 OGP a^mxit. ai5^7200rpni 

tUoFp^H^^CS. »*L<(*1 20G 

P a Ja±, $ t.lCjtf * L<(*1 SOGPa iil±X'&^CL 

e<JlC(*, ijsiji 5 OGP alUT-e&So 

[006 1] tmm^ 2ici2K(D**^x(*. ■vxfmti^ 

1 1 0GPaJil±-efc-5ci:(cJn^-C, aSifi$(Ra)^ 
9:t->^fX hn— AElTt-rSCtA<-C*#-S**^X-eft 

•So J:yii5L'>«S^7t14l-<ky, fiSm^-f X-i7a)SSJS 

^b<Dfcto<D'^ K<»«j?±^bA<prtt<t 'EC y . sisffi* (r 

<feyiSj?±<bA< Plait's: So »Sl5^-rx^?$$c,(cS® 
JS^b-rSlcli. SHffiS (Ra)^6^:^'i/X ho-AJilT 
t f S C i: *<-e # S X fc S C i: ^ L t^o 
[0 0 6 2] Itat^l 3<7)**5XI*, -V^^^^AM 1 O 

G p a )a±T? fes c t . s-xf^jLitrnmrnt (Ra) * 9 

i/-yx ho— AJilTt-rSCtlcSn^T. l£^^;aSA< 

7 0 o'•cJ:ylSt^**^x•^?a5So e^^ajSA<7 O 0°C 
j:ym^wi:-e. fct)i^©ffi^^bicjin^r. fiiJSoss 
j:yiifi^iiHf!fti4*5&-rs»«*a«-rsciA<-e#. « 
?K*^(Dfiimi^14A<ia]± Lfcm^T^-f x^7 $ti«-rs C 
tA<T'#So W*^1 1-1 3lc|B«(0!|^tt^^-rS*f 
^XroSi*«t L-C. 4~1 6(Cffi«<7)**7X 

^s^ifSctA^-e^So c*i.e)<D*f^xi*, is*«i 1 

~1 3{::fB«<D*#14^iSS-r'<<. -fi^-l^^gA^'h^ 
<. ■(b^JS^*iA<^<. 75l^o*•'7X«i£lcfcltS^E«S 
mi)^l^m-( t ?) ^C SlMbiB!**^ X ^ ffl L^fcStfiE t 
jSoTUSo 

[0 0 6 3] »^]g1 4-1 6lc|Bag):tf^X 
Si02l*^f^X(DifHamjS}KJiK^1b!^t LTflS^s **^X 

m^ci'S-^it. in*.*ffii-*frsieinb^^i4*ii-r. 

*fcAl203'EC fajcl'FB^^^biKili: ^JSfli«f^*5-a-S C i: Ic J: 

!»tt*|fil±*-yrSCtt,-e#So UA^L. ii3X(f)i.m 

LT60%J: y ^< (DSi02$^AL/c**^XiSfifig!^lc 
1*. **^XCO>FjffiS14-VS>^«5iS<DlS]±lc$-^^SjS» 

^?fcSAl203^^<«A-rsc^:A<-l?^^^L^(D■I?, «fc y 

^f-V * *-r S ^5 x<OBgigi::i*s i 02a)#«a 
^ 6 0%)UTlcfflx.S!e>^*<35>S„ CtH->tL, fe^y 
lctSi02CD#**$'>'Ef < ffil^S 0iJ^li3O%^jilT' 
I*, **vx<7)l^a<bS^ttA<ffla(::^<bL, a^<bT-# 
S(5i:<0*S<f:tf7XA<jfiH'S:l.^« -tCT?, Si02(D#* 




a(i3 0-6 0%<7)ffiffii:-r-5o ^lC3 2-5 5%<©® 

[0 0 6 4] kizositii'yxizTsmfSiittMmiKm^m 

i^lc, Al203T'Si02^@^LT**7X|C^A-r^li^l* 

^^^-VJitsiftit^itz^-r-ssasji^^^L^o in^. A1203 

ittztblztXte^ittjil^^^X&hc Al203^35%$ffiit 

- 3 O %<DffiH t? ib -5 C i: A<if ^ L L^, 
CO 0 6 5] MgOI*^'5XO>P?llttat;5S)S^|Sl±$1±, 

^^<5J^-r-Sjaij-t LT<DAl203A<^<«A**lS« 

14 ^fitoX i§<B iz-r -1) -S fctf) t MgOlilf ® i=a 
^JjfJiE^J'T?fc-5p LA'^L, 4 0%$M^-i)MgO$**7X 

^«(DY203-^Al203^«ALfc**7XT'(i, «i^{bT-# 

0-4 0%<7)ieffl-efc-5Ci:*<3l^-CS.i.o !^ 

[0 0 6 6] Y2O3, La203. Ce02, Pr203. Nd203. Sm 
2O3. EU2O3, Gd203« Tb203. Dy203, H02O3, Er203, Tm2 
03. Yb203!Sif05#±3i#)SKjb«!itt, ii'7xa>-\'i^<f 

^$i6i±$-a-, s^rB^b^Stt^iftif), it^^i4at;isst§ 

XOttIf afi-V>S*«»14$StoSfc«)l~^ < fl)Al203* 

**5xic«A-r*«^ictt, Ai203<7)afj*saiji uxo^fr 
±m±mmit<^(D&^it<mmx'^tj:i\ m^n. 20% 

JJl±<DAl203^**^X(c«A-r*«^, Y203l*l^«''d:** 
#aK<b^t*ttgtfl«JlSffi'S=fc<»XfeS<»XN filfM<D^> 

<fmizitcx. u^^<.'pm(D^±m^mmit^^mx 
-r^z.ti><itf^Li\ #±s^aK<bi^<»^*pa 

S^S^Ib!^ ^ X A-r -5 1 x-V > ^^^ro IS] 

±iz:^^<m^-r^, '^-ox. ^±m^mMit^<D^t\- 

(O-^m&lt. ?lSl-r^X^7S«t LTffiffl*nS#^X 

(:i^^$tL-5-V>'9'^lr|£Cr 1 -2 7%(0®Hi-r-5 
CtA^iS^T'&^c i^lc. #±ll^)S^<b!|^!l<D^t+<0# 

2-2 0%(DiiHr-fc^Ci:*<»$Ul^» 
[0 0 6 7] Li 201*^7 X<D^jSJS«14*aS-ri>fctf> 



if#rffW 1 1-1 1 6 2 6 7 




\ztmizmmtj:i&^AX'^i>o *t>l-. '>«(DLi20^»A 

■r-si:. **^x(D-\'>y*i*i&*y^*5b'jfi>j!)<v asm 

Li20^2SALf=**^XI*. -r:^->3Efiil=J:y<b!¥:5i^b■r 
-i>C<t:A<T'^. S5SS**^X(DSgitCDfg(c:Sfiir-fci.. 
L L s Li 20<Z)2i A»A<^ < )S y ii ^ -S t ^ X (D^Sa^a 
<bS?3ei4*<fiT-r"5<aiai*<ifeS, ^-C-C. Li20<D#A» 
I*, 1 5%UlTXfe^Ci:A<»*Lt^ fiSii. Li20 <;)^ 
*P^(]l6^f#-S<!:t>^ffi^A^e.l5:. Li20 (7)^«l*2% 
mJiX'fei)w<tA<jl^Xfc^, fSix **^X<7>^B^^bSS 

efeS-r-St L>aa^j!)^?>l*. Li20+MgO+Y203+La203+Ce02 
+Pr203+Nd203+Sm203+Eu203+6d203+Tb203+Dy203+Ho203+E 
r203+Tm203+Yb203> 2 5%X&SC t A<j1^X&-5o 
C0 06 8] Ti02l*:tf''5X#*&Jg^fig»4: LTt^fflfJqfc 
^tLXtm^. :tf^X<DS5Sffi14^1S»tgSttt^aS 
L, «3g<7)S^<bJti;^-(Diii»^tt^li-r, Ti02l* 
nK^-i: LT*r^x(C3»A-r-5t. **^xa)JtSl*&* M 
iSlniL)Ect^a)ic*fL. **^x(D-v:^-J^Si***<ifii±x 

^-S, !^lrMgOA?'Al203^^<«A-r***^XlcS!fL-C 
tt. Ti02i***^xcDitia5§<S14SU:saS<bSS14$lplJi 
^F-B", Al203<t<DS|a^^*?-IS-|Cj:or#^X<0-^E'>i^^ 

<(7)TI02^WA-r-Si:. 5X(D^J-ffiMlRlA^!i^ ^ > 
^ o -c x<DSSS<b^^tt&i;^-0)tSRtt$S<b ^F-t* 
■5S*i*<&i>o -tCX, Ti02<»*^fil42O%felTi:-r 

*Lt^o fa. Ti02 (D^imJam^ft-Sirt^^ajSA^t) 
I*, Ti02 (Z)#*»l±2%Ja±Xfe-5^i:j!)<®^Xfc 

[0 0 6 9] Zr02l*3EIC**5X(©B^'ftRU:Hi|tt^B«) 
^tzisblzmisa^ti^m^X'h^o '>«(DZr02$^*n-r'i) 
i:**5XiiHgfil±5isj±$i±«.3iaiSA<3&y. **^xa)5feS 

^»<7)Zr02^«A-r -5 1 **7X<D;ii;gjt«t±A<S L < S 

*o -ecx. Zr02CD^^4l*8%Jii.T(c-r'Sci:A<»* 
L<. 6%JJiTX*Sc:tA<$P>lc»*Lt^. iSi, ZrO 
2 (O^imJa^^lt-ixtL^^a^A^bl*, Zr02 ©^^i 

[0 0 7 0] CaO, ZnO. NiOXD:Fe203l*ilc:tf 5Xa)B 

jSjgitti*, fssibsesit^sfeS-r-sfctoicaiA^+i'Sm 

0 1 L T X (c^Af t !^B^Blb^S14 $ |nl± * 
•?-ZT% CaO. ZnO, NiOSl/FezOstD^ttro^^lS, 1 

A<$^>lc^^f*LL^, isi. c^^e)0>JiR^^•fl>^il^^s$^#•s 



(13) ^mW^^ 1 -1 1 6267 



[O 0 7 1 1 As2O3i:Sb2O3li**^;^<?)J^a<b^0*fc«) 
«6ttl::i6i:Tii^aa>As203^Sb203^tMiAs203+Sb203 

o jteffl S o IS t SIS L -c 4 -D iSic -sr y — V $ X. 

i>S*ttfe-5o -^-CIT?. As203+Sb2030)3l*P«li2%jy. 
[0 0 7 2] SrO. CoO. CuO. Cr203 . B2O3. P2O5. V2O 

tz. '>*<DV205. Cr203, CuO, CoO^C<!:<DS^feSiJ$-**7 
i: A<-C # ^ ZnO+SrO+N i 0+Co0+Fe0+Cu0+Cr203+B203+P205+ 

[0 0 7 3] ]iL±(D&:^S$.'A<nmiz!^n'P<n^m^m^ 

itii^y^<Dmmmtui>c\. f, so3^i*^*t^H i 

[0 0 7 4] jg^ig 1 8~ 1 9lcIBtt(P:tf 7X 
CCD**^XI*. Ti. V. Cr. Mn, Fe, Co, Ni, Cu, Zn, G 
a. Ge, Y, Zr. Nb, Mo, La, Ce, Pr, Nd, Pm, Sm, Eu, 
Gd, Tb. Dy, Ho, Er, Tm, Yb, Hf, TaStPWA^t)^f -SI* 
ihm\tH^ 1 aXI* 2 «m±<7)4IB<DK^b!fel^ 3 ~ 3 

o ^;b%#t;c t inmt-r^fsm^mmwmii=7:^v 
i*±)S<Di: j3yT?fc-i)A<, c*i,e)<D!^M«)S?ffli*, 

^A<it<, **7X(-^A-r*<!:**7X<D3feaS§SA<g* 
S$ia]±^?#-5Ci:A<T?^ S-hiaic5iJia L fc#S<0^<b 

!^ ^ 3 ~ 3 o ^ ;u%(0iSH"C)Sl:«9 A 3f -a- -5 t f= <k 

y, it«WIIl^A'>^^^(«4^l*, 90GpaKi±)<7)*-^X 
$^i-5C<!:A<-^?#-5, C(D J: 3 <C**^XI*, J^m^^-fX 

S<»K'lb!K!»a)3IASA<3^iU%*ji5i<7)ii^, 1i=y7sO^ 
>-y^(D|fi]±A<^3t»-C'*.y, »*L<<CL^o -h 
IH^S(r»K1b!^Wa&ASA<30^;U%^@^§«^, ^ 
M(DaiilcJ:oTM'S'5A<, ^XcOSSSSSttSl/-?- 
(DiSHIt *S<b* -a-fc y , 3b•St^l4JtfiA<*# < ii*P L 



IB^StO^lbl^ro^AfiiOTKI*, -V>'J^*a)(S)±iL> 
5a^A^t>, »*L<tt5^;U%, J:y»*L<l410^ 

;u%r-fc-5„ ±lB^S<nK<b#ia)»A»(D±K 

<X)S^A>C,, L < 1*25^ J:y»SL<l*20^ 

[0 0 7 5] :)j5XRU:aiR(Pig^;£ 
*SIB^<7>**7XI*, •a»i(DlS!jt:^iilCcfcySit-rsci: 

I^J|Bl*SSl*Xl*5FSi4**xS!:HSlTfjSfSL, /^:?y> 
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